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It has been reported that rats fed/-cystine as 5  or  10 per cent of the diet 
develop portal necrosis and hemorrhage of the liver (1-4).  In addition, more 
prolonged feeding  of  /-cystine results  in portal  cirrhosis  of the  liver  (4).  It 
has  been  shown  that  the  metabolism of  /-cystine  (5)  and  d/-methionine  (6) 
results in the  urinary excretion of the greater part of the  sulfur contained in 
these amino acids as sulfate.  Schmidt and Clark (7), however, have demon- 
strated that the sulfur of cysteic acid is not oxidized by the animal organism 
but is excreted in the neutral sulfur fraction of the urine. 
If the formation and excretion of large amounts of sulfate resulting from the 
metabolism  of  /-cystine  were  the  cause  of  the  liver  lesions  previously  de- 
scribed,  then  d/-methionine  fed in  excess amounts  should  also  result  in liver 
damage.  Cysteic  acid,  on  the  contrary,  should  not  have  this  effect.  The 
present paper is a  report of experiments in which this hypothesis was put to 
the  test. 
Methods 
The  sulfur-containing  amino  acids,  l-cystine  and  dl-methionine  were  obtained 
from the Eastman Kodak Co.  The cysteic acid was prepared from l-cystine by the 
bromine  oxidation  method  and  was  neutralized  by NaOH before administration. 
The sulfur-containing compounds were thoroughly mixed into either the McCollum 
stock diet or a low protein, high fat diet of the following composition, in grams per 
100 gm. of food: casein  5, butter 25, brewers' yeast 5, salt mix 4, and sugar ad 100. 
These diets were then fed to albino rats and the daily intake noted.  At intervals, 24 
hour urine collections were made for urinary sulfur partitions  (8) as well as ammonia 
determinations.  In addition, blood for CO2-combining power values was obtained 
at the time of sacrifice.  Finally, microscopic sections of the liver of each rat were 
studied for the presence or absence of necrosis  and cirrhosis.  These features, when 
present, were graded on the basis of  +  to  + + + +  (4). 
The protocols of the 15 rats studied are presented in Table I.  The urine collec- 
tions periods for rats 9,  14, and 15  were divided between the first and  last days of 
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the experiment.  In all other instances,  the collection periods were made consecu- 
tively during the last days on the experimental data. 
RESULTS 
The intake of sulfur and the total sulfur, sulfate sulfur, and ammonia nitro- 
gen urinary excretion figures are given in Table II.  These figures represent the 
averages of the values obtained for each rat in the number of collectionperiods 
indicated in Table I, and are recorded as milligrams per  100gm.  of rat per 24 
TABLE  I 
Weight,  Diet, Days  on  Diet,  Number  of Balance  Periods,  and  Outcome of Rats  Fed  Sulfur- 
Containing Compounds 
Rat 
No. 
10 
11 
12 
13 
14 
15 
Basal diet 
Low protein, high fat 
Cc  st  g;  gc 
McCollum stock 
Low protein, high fat 
~c  s~  c~  cc 
McCollum stock 
s~  ¢t 
McCollum stock 
Sulfur compound 
Compound 
Outcome 
/-Cystine  Died 
"  Sacrificed 
CS  st 
st  st 
st  ~s 
s~  ct 
ts  st 
~t  gt 
dl-Methionine 
st 
cc 
Cysteic acid 
tc 
Died 
Sacrificed 
sc 
hours.  The per  cent of sulfate neutralized by  ammonia and  the blood  CO2- 
combining power values are also given  in Table  II. 
The urinary excretion of sulfur was studied in 6 of the rats on the basal low 
protein,  high  fat  diet  before  the  addition  of  the  sulfur  compounds.  The 
average  excretion  in  12  control periods  was  6.7  mg.  of  total  sulfur  and  3.3 
rag. of sulfate sulfur per 100 gm. rat per 24 hours.  The correspondingfigures 
for 5 control periods in 3 rats on the basal stock diet were 11.2 mg. and 7.3 mg. 
The excretion figures for sulfur given  in Table II were not corrected for these 
control values as the food intake and body weight declined during the  periods 
of/-cystine  and  d/-methionine  feeding.  From  the  available  data  it  was im- 193 
TABLE II 
Summary  of Chemical Data of Rats Fed Sulfur-Containing Compounds 
possible to calculate how much of  the sulfur excreted during the experimental 
periods was derived from exogenous and how much  from endogenous stores. 
In any case,  the  control values were relatively small when  compared to  the 
experimental figures and  the  results do not  appear to be  invalidated  by ex- 
cluding the control values from the calculations. 
From Table II it may be seen that the rats fed excess/-cystine or d/-methio- 
nine  excreted  relatively  huge  amounts  of  sulfate  sulfur  while  the  rats  fed 
Sulfur compou: 
Rst 
NO. 
Compound 
d/-Methionine 
14 
15 
/-Cystine 
c~ 
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10 
11 
12 
13 
Cysteic acid 
* Figures in these columns represent mg. per 100 gm. of rat per 24 hours. 
cysteic acid  formed much  smaller amounts  of  sulfate.  These  results  are  in 
accord with many other published studies of a  similar nature  (5-7).  Enough 
sulfate  was  excreted  by  the  rats  fed  /-cystine  and  d/-methionine  to  require 
large  amounts  of  base  for  neutralization.  It  might  be  expected  that  this, 
continued over a  considerable length of time, would be a  serious drain on the 
rats' reserves of base.  The blood CO2-combining power determinations, how- 
ever, showed no or moderate decreases from normal values.  This is probably 
explained by the capacity of these animals to form large amounts of ammonia. 
As shown in Table II, sufficient ammonia was present in the urine of rats fed 194  LIVER DAMAGE AND D-RINARY  EXCRETION OF  SULFATE 
/-cystine or d/-methionine to neutralize as much as 92 per cent of the sulfate 
excreted. 
The degree of necrosis and cirrhosis present  in  the livers of the rats is re- 
corded in Table III.  Hepatic necrosis and/or cirrhosis was noted in each of 
the rats fed/-cystine and cysteic acid.  Although the livers of the rats fed dl- 
methionine  were  very  small  and  microscopic examination  revealed  atrophy 
of the liver cells,  necrosis and  cirrhosis were not found.  Twenty additional 
rats were fed d/-methionine at excessive levels in various diets.  No cirrhosis 
was found in any of these,  while  a few isolated necrotic cells  were seen in the 
TABLE III 
Liver Damage in Rats Fed Sulfur-Conlalning  Compounds 
Rat No. 
10 
11 
12 
13 
14 
15 
Compound  fed 
l-Cystine 
cc 
Cl 
c~ 
ct 
lc 
d/-Methionine 
c~ 
Cg 
Cysteic acid 
Per  cent of diet 
10 
i0 
10 
10 
5 
5 
5 
5 
5 
12.8 
6,4 
10 
10 
15 
15 
Liver lesions 
Necrosis  !  Ck~osis 
+++  0 
+  + 
++  + 
0  + 
+  +++ 
0  ++ 
0  +~+ 
+  ++ 
o  + 
+  ++ 
+  ++ 
liver of one rat only.  A more detailed description of the effects of feeding dl- 
methionine and cysteic acid to rats will be given in another communication. 
SUMMARY 
1.  Rats  fed  /-cystine  at  excessive  levels  excrete  large  amounts  of  sulfate 
sulfur in the urine and develop liver necrosis and cirrhosis. 
2.  Rats fed d/-methionine at excessive levels excrete large amounts of sulfate 
sulfur, but do not develop liver necrosis and cirrhosis. 
3.  Rats fed cysteic acid at high levels excrete  relatively small amounts of 
sulfate, but do develop liver necrosis and cirrhosis. 
4.  In conclusion, there  is  no apparent  correlation between  the  amount of DAVID P. EARLE~  ~R.~  AND  FOP-REST E. KENDALL  195 
sulfate formed  and  the  development  of liver  damage  in  rats  fed  /-cystine, 
d/-methionine, and cysteic acids. 
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